In experiments on digestive function in ruminants, markers can be used to estimate the rate of movement of digesta, the volume of a viscus and the rates of absorption of solutes from the gut. The most widely used water-soluble marker is polyethylene glycol (PEG), which was introduced by Sperber, HydCn & Ekman (1953). They found that the polymer with mean molecular weight 4000 was not degraded in the gut or absorbed, and described the use of PEG for the three purposes set out above.
The suspension was cooled, filtered and washed with water. The filtrate, containing 5lCr EDTA, was diluted to IOO ml. Suitable portions were dispensed as required. Duplicate I ml portions were diluted to 100 ml or 250 ml to provide standard solutions for the determination of radioactivity.
Assay of W r
Several samples (5 ml) of each of the standard solutions were pipetted into screwcap specimen tubes which fitted into the well of a thallium-activated NaI crystal (type N 597; Ekco Electronics Ltd). These samples were counted at intervals, with each batch of unknowns an Ekco type N550 scintillation counter and type N530 scaler being used.
Duplicate samples (5 ml) of urine, and of rumen liquor that had been strained through muslin, were similarly counted. T h e samples of faeces were mixed with water ( I part moist faeces : 5 parts water by weight), macerated and 5 g portions dispensed into the counting tubes. Standards for the counting of faeces were prepared in the same way with known amounts of W r EDTA and non-radioactive faeces from the same animal.
At least 10000 counts were recorded for each sample, and the counting rates were corrected for the background rate (approximately 10 counts/sec).
Estimation of PEG
The analytical method was that of HydCn (1955). The suspensions of PEG-4000 (Carbowax; Union Carbide Ltd) were read at 540 mp in a spectrophotometer. A linear relation of extinction to concentration of PEG was given by samples containing 0.04-0.09 mg PEG/ml in the final solution as read. At lower concentrations of PEG, the turbidity was less than expected. The extinction increased with time after mixing the PEG solution with the trichloroacetic acid (TCA)-BaCl, reagent, reached a maximum in about 6 min and was stable for at least 15 min. It was found undesirable to allow the mixture to stand in the cuvette for long periods as a film of precipitate adhered to the glass and gave falsely high extinction readings. Blanks and two standards were prepared with each batch of analyses, as there was some variation in turbidity from day to day. A strict routine was adopted as the form of the precipitate could be influenced by minor changes in technique-for example, if tubes were shaken after addition of the TCA-BaCl, reagent, the final turbidity was less than if the tubes were mixed by swirling.
As observed by Corbett et al. (1994, adequate dilution of rumen fluid or faeces before analysis proved to be necessary, otherwise recoveries were low. Hence, the dose administered had to be large enough to ensure an adequate concentration for analysis after dilution. Preliminary tests were done to ascertain the dilution required.
Rumen marker experiments
In each experiment an aqueous solution (about 400 ml) containing PEG (6-10 g) and W r EDTA (0.1 g; 30-60 pc) was warmed to 39' and added to the rumen of the sheep through its cannula. Samples of rumen liquor were taken I, 2, 4, 6, 8, 12 and, in some experiments, 24 h later and analysed for PEG and 51Cr. Each sample comprised three or four small portions taken from different parts of the rumen.
The 'half-times' of the markers were calculated from the slope of the curve given by plotting log concentration of marker against time; as the half-times were not critical in this work, a straight line was fitted to the experimental points by eye.
RESULTS

Dkappearance of 51Cr EDTA and PEG from the rumen
Fifteen comparisons of the rates of disappearance of PEG and of 51Cr from the rumen were made ( Table I) . I n one series, the procedure was repeated on the 3 successive days of a 3-day period with four sheep that were subjected to the 'droughtfeeding' regime. I n another series an individual sheep was studied three times at intervals of about 4 weeks.
Some typical results are shown in Figs. I and 2. In each comparison the theoretical value of the 51Cr: PEG ratio was calculated from the mass of PEG used and the counting rates of 51Cr standards. The ratio was also calculated for each sample of rumen liquor, and was then expressed as a percentage of the theoretical value. The results (Figs. I and 2, Table I) show that, although individual values for samples taken during the first 12 h differed by up to 20 yo from the theoretical value, there was no regular rise or fall in the ratio. The mean 51Cr: PEG ratio for all of the experiments was 101.8 yo (SD f 5-5) of the theoretical value. However, the mean W r : P E G ratio for one of the fifteen experiments ( I 18 yo) was more than three standard deviations higher than the theoretical value; if this result is discarded the mean for the other fourteen is 100.6 ( f 3-670). Thus, over each 12 h period, the two markers gave the same results within experimental error. T h e results for the 24 h samples are also shown in Figs. I and z but are only considered reliable when the concentration of PEG remained higher than 0.02 mg/ml in the final solution.
T h e concentration of each marker decreased approximately exponentially, with halftimes ranging from 8 to 46 h ( Table 2) . T h e half-times for both markers tended to t In each experiment, samples of rumen liquor were taken I , 2, 4, 6, 8 and 1 2 h after injection of "Cr EDTA and PEG into the rumen, and were analysed for W r and PEG. The ratio given is the mean for each set of six samples. The theoretical value was calculated from the mass of PEG and the counting rates of the 61Cr standards.
1 These experiments were performed on successive days. The sheep were fed once only at the beginning of the 1st day.
5 These experiments were performed at intervals of about 4 weeks.
If instantaneous mixing of the markers with the rumen contents had occurred, extrapolation of the curves in Figs. I and 2 should give the concentration of marker at zero time. From this value and the total amount of marker injected, the total volume of rumen liquor should be calculable. The results calculated in this way for each marker are shown in Table 2 . The zero-time concentration was corrected, when necessary, by subtracting the concentration of marker in a sample of rumen liquor taken just before each injecdon.
Recovery of 'jlCr in urine and faeces after intraruminal administration of W r EDTA I n the first series of experiments five sheep were each given orally a single dose of 5lCr EDTA mixed with I day's food, and one of the fistulated sheep was given a similar dose directly through its cannula. In each instance the amount of 51Cr excreted in the urine and faeces was measured. Various masses of the marker were used, and once the animal was dosed with non-radioactive Cr EDTA for 4 days before the radioactive dose was given. The results (Table 3, Fig. 3) showed that 85-91 % at https:/www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19640015
Vol. 18 5 1 C~ EDTA as a rumen marker 157 of the dose was recovered in the faeces excreted during the first 9 or 10 days, after which time small amounts of 51Cr were still being excreted. Some 51Cr always appeared in the urine, the maximum amount being 4'7% of the dose 7 days. T h e two markers were injected into the rumen together in a single solution on successive days (n, 6, c) during a 3-day period in which the sheep were fed oncc only at the beginning of the 1st day. T h e ordinates are plotted to equate the separate concentrations as administered ; thus if the markers behaved identically and there were no errors in estimating concentration, the pairs of curves should be congruent.
In another experiment three doses of a mixture of 51Cr EDTA and PEG were given through a rumen fistula to the same sheep at intervals of about 4 weeks. Samples of rumen liquor were taken at intervals during the first 12 h after each dose (see p. 155), and the recovery of the markets in the urine and faeces was measured. The results (Table 4 , Fig. 4) showed that about 95 76 of the dose of 51Cr (corrected for the amount taken in rumen liquor samples) appeared in the faeces and 2.5 76 (also corrected) in the urine during the 5 days after each dose. The recovery of PEG in the faeces was slightly lower than that of the 51Cr. I n each experiment, no significant quantity of PEG could be detected in the urine. 
-
Fate of intracenously administered V r EDTA
A dose of 51Cr EDTA (20 pc; 80 mg) was injected into the left jugular vein of a Merino wether fitted with a rumen cannula. Samples of blood and of rumen liquor were taken at intervals during the 5 h after the dosing. As shown in Fig. 5 , the radioactivity disappeared rapidly from the circulation, the specific activity v. time curve being resolvable into two exponential lines with half-times of approximately 8 and 83 min, respectively. No radioactivity was detectable in any of the six rumen liquor samples taken during the 5 h period. On the assumption that the volume of rumen liquor was 6 l., it was estimated that the presence in the liquor of approximately 4 of the dose would have been detectable.
In another experiment a ewe and a wether, both Merinos, were also given intravenously j'Cr EDTA (16 pc; 50 mg) and the amounts of j'Cr excreted in the urine and faeces were measured. No W r was detectable in the faeces of either sheep, and over 90 yo was recovered in the urine ( Table 3 ). The bulk of the excreted jlCr (86.5 T, of the dose in each experiment) appeared in the 1st day's urine. Calculated from total dose and zero-time concentration of marker, corrected for amount present t These experiments were performed on successive days. The sheep were fed once only at the be-1 These experiments were performed at intervals of about 4 weeks.
just before each injection.
ginning of the 1st day. 5 Dosed with non-radioactive Cr EDTA at rate of 250 mg/day on the 4 days immediately preceding the radioactive dose.
D I S C U S S I O N
There is now a large body of evidence to support the contention that PEG is, in principle, a satisfactory soluble marker for research on gastro-intestinal function. I t has therefore been used as a reference substance to test the applicabilityof W r EDTA.
The evidence presented above shows clearly that SICr EDTA and PEG move together in the gastro-intestinal contents, and it may therefore confidently be concluded that 5lCr EDTA is a satisfactory marker. . Removed in sampling for analysis.
t Trace indicates a negligibly small precipitate occurring in the analysis; no specific test for PEG in small amounts has been described.
51Cr EDTA presents the very important advantage that the analytical procedure is quite specific and highly accurate over a wide range of concentrations. As "Cr emits y-rays (0.323 MeV) it can be counted easily in a scintillation counter with very simple preparation of the specimens for analysis. By contrast, the analysis for PEG is non-specific, and it is known that substances in the gut interfere and that appreciable errors occur even under good analytical conditions. Further, it is not practicable to estimate PEG in low concentrations. Hence one is obliged to use a large dose or to run an experiment for a short period of time.
The only theoretical disadvantage of 51Cr EDTA is the slight absorption and subsequent excretion in the urine. In practice, this is not likely to be troublesome, as 
-
appropriate corrections can be made. There are, however, the usual difficulties associated with the use of any radioactive substance, but it is noteworthy that W r is considered to be one of the least hazardous isotopes (International Atomic Energy 
